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CONTROLLER FOR
SUPERCHARGER-EQUIPPED INTERNAL
COMBUSTION ENGINE

INCORPORAITION BY REFERENCE

The disclosure of Japanese Patent Application No. 2015-
163410 filed on Aug. 21, 2015 including its specification,

claims and drawings, 1s incorporated herein by reference 1n
its entirety.

BACKGROUND OF THE INVENTION

The present invention relates to a controller for an internal
combustion engine equipped with a supercharger including
an actuator for driving a wastegate valve.

DESCRIPTION OF THE RELATED ART

To date, there has been known a supercharger in which a
compressor thereof, which rotates and drives a turbine with
exhaust gas, 1s mounted 1n an intake path of an internal
combustion engine, for the purpose of increasing the output
of the mternal combustion engine.

Because 1ts supercharging pressure increases more than
necessary 1n the state of a high rotation speed and a high load
and hence the internal combustion engine may be broken,
the supercharger, in general, has an exhaust gas bypass that
bypasses the turbine; the supercharging pressure 1s con-
trolled at an appropriate level 1n such a way that a wastegate
valve provided 1n the exhaust gas bypass 1s opened so that
part ol exhaust gas 1s made to enter the exhaust gas bypass
in a ramifying manner and hence the amount of the exhaust
gas flowing into the turbine 1s adjusted (e.g., refer to
Japanese Patent Application No. JP-A-H09-228848).

As described above, the exhaust pressure and the super-
charging pressure of the supercharger are controlled based
on the opening degree of the wastegate valve. The control
amount of the wastegate valve 1s determined through closed-
loop control or simple open-loop control of an intake-system
target amount (e.g., a target supercharging pressure or a
target intake amount) to be set based on the rotation speed
and the load of the internal combustion engine.

Meanwhile, i recent years, there has been proposed an
internal combustion engine controller in which as the output
target value of an internal combustion engine, the output
axle torque of the internal combustion engine, which 1s a
demanded value of driving force demanded by a driver or
from the vehicle side, 1s utilized and then the air amount, the
fuel amount, and the i1gnition timing, which are control
amounts of the internal combustion engine, are determined
so that an excellent traveling performance can be obtained.
Moreover, 1t 1s known that among control amounts for an
internal combustion engine, an air amount 1s a most influ-
ential control amount for the output axle torque of the
internal combustion engine; thus, there has been provided an
internal combustion engine controller that accurately con-
trols air amount (e.g., refer to Japanese Patent Application
No. JP-A-2009-013922).

Furthermore, there has been proposed a method in which
the conventional wastegate valve control apparatus dis-
closed 1 JP-A-HO09-228848 1s applied to an internal com-
bustion engine controller, such as the one disclosed in
JP-A-2009-013922, that determines the output target value
of an internal combustion engine. For example, in the
technology disclosed 1n Japanese Patent No. JP-5420013,
listed below, a target intake air tlow rate (= a target charging
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elliciency) 1s calculated based on the output target value of
an internal combustion engine; a target supercharging pres-
sure 15 calculated based on the target charging efliciency and
the rotation speed; based on the target intake air flow rate
and the target supercharging pressure, a target compressor
driving force required for driving the supercharger 1s cal-
culated; then, by use of the charactenistic (FIG. 9 1n
JP-5420013) that the relationship between the exhaust gas
flow rate and the compressor driving force (the turbine
output) changes 1n accordance with the control value for the
actuator of the wastegate valve, a control value for the
actuator of the wastegate valve 1s calculated based on the
exhaust gas flow rate and the target compressor driving
force.

SUMMARY OF THE INVENTION

In the technology disclosed 1n JP-5420013, the control
value for the actuator of the wastegate valve 1s calculated
based on the exhaust gas flow rate and the target compressor
driving force 1n a feedforward manner, and the control value
for the actuator 1s changed in a feedback manner so that a
real compressor driving force approaches the target com-
pressor driving force. However, 1n the technology disclosed
in JP-35420013, inertial force produced by the inertial
moment of the supercharger i1s not taken 1nto consideration.
Accordingly, 1n the case where the inertial force of the
supercharger becomes large 1n transient driving, no stable
teedback response for the real compressor driving force can
be obtained; thus, there has been a problem that the over-
shooting amount and the undershooting amount of the real
compressor driving force becomes large.

The present invention has been implemented in order to
solve the foregoing problem; the objective thereofl 1s to
provide a controller for an internal combustion engine
equipped with a supercharger that can improve the feedback
response of compressor driving force.

A controller for a supercharger-equipped internal com-
bustion engine according to the present invention 1s a
controller for an internal combustion engine equipped with
a supercharger having a turbine provided 1n an exhaust path,
a compressor that 1s provided at the upstream side of a
throttle valve 1n an intake path and rotates integrally with the
turbine, a wastegate valve provided 1n a bypass path, of the
exhaust path, that bypasses the turbine, and a gate valve
actuator that drives the wastegate valve; the control method
for an internal combustion engine equipped with a super-
charger includes

a driving-condition detector that detects a real rotation
speed of the supercharger,

a target compressor driving force calculator that calcu-
lates a target compressor driving force, which 1s a target
value of drniving force for the compressor,

a real compressor driving force calculator that calculates
real compressor driving force, which 1s a real value of
driving force for the compressor,

a supercharger inertial force calculator that calculates
inertial force produced by an inertial moment of the super-
charger, based on the real rotation speed of the supercharger,
and

a gate valve control value calculator that implements
driving force feedback control for changing a gate valve
control value, which 1s a control value for the gate valve
actuator, so that an addition value obtained by adding the
inertial force to the real compressor driving force
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approaches the target compressor driving force, and per-
forms driving control of the wastegate valve based on the
gate valve control value.

The controller for a supercharger-equipped 1nternal com-
bustion engine according to the present invention makes it
possible to implement feedback control of compressor driv-
ing force while taking inertial force produced by an 1nertial
moment of the supercharger into consideration. Accordingly,
even 1n the case where the 1nertial force of the supercharger
becomes large 1n transient driving, a stable feedback
response for the real compressor driving force can be
obtained; thus, the overshooting amount and the undershoot-
ing amount of the real compressor driving force can be
reduced.

The foregoing and other object, features, aspects, and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic configuration diagram of a super-
charger-equipped internal combustion engine according to
Embodiment 1 of the present invention;

FIG. 2 1s a block diagram of a controller for the super-
charger-equipped internal combustion engine according to
Embodiment 1 of the present invention;

FIG. 3 1s a hardware configuration diagram of the con-
troller for the supercharger-equipped internal combustion
engine according to Embodiment 1 of the present invention;

FIG. 4 1s a graph for explaining a map utilized in
estimation of a rotation speed of a supercharger according to
Embodiment 1 of the present invention.

FIG. 5 1s a block diagram for explaining the control
system of a wastegate valve according to Embodiment 1 of
the present invention;

FIG. 6 1s a block diagram for explaining a feedback
control system according to a comparative example of the
present ivention;

FIG. 7 1s a block diagram for explaining a feedback
control system according to Embodiment 1 of the present
invention;

FIG. 8 1s a timing chart for explaining a control behavior
according to Embodiment 1 of the present invention;

FIG. 9 1s a flowchart representing the processing by the
controller according to Embodiment 1 of the present inven-
tion;

FIG. 10 1s a flowchart representing the processing by an

intake air control umt according to Embodiment 1 of the
present ivention;

FIG. 11 1s a flowchart representing the processing by a
wastegate valve control unit according to Embodiment 1 of
the present invention;

FIG. 12 1s a flowchart representing the processing by a
supercharger inertial force calculation unit according to
Embodiment 2 of the present invention;

FIG. 13 1s a graph for explaining a reflection coeflicient
map according to Embodiment 3 of the present invention;
and

FIG. 14 1s a flowchart representing the processing by a
supercharger inertial force calculation unit according to
Embodiment 3 of the present invention.
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DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

1. Embodiment 1

A controller 100 for an internal combustion engine 1
equipped with a supercharger 36 (heremnafter, referred to
simply as the controller 100) according to Embodiment 1
will be explained with reference to the drawings. FIG. 1 1s
a schematic configuration diagram of the internal combus-
tion engine 1 (heremaiter, referred to as the engine 1)
equipped with the supercharger 36; FIG. 2 1s a block
diagram of the controller 100 according to Embodiment 1.
1-1. The Configuration of the Engine 1

At first, the configuration of the engine 1 will be
explained. As illustrated mn FIG. 1, the engine 1 has a
cylinder 8 1n which a fuel-airr mixture 1s combusted. The
engine 1 and the controller 100 are mounted in a vehicle; the
engine 1 functions as a driving force source for the vehicle
(wheels). The engine 1 has an 1ntake path 2 for supplying air
to the cylinder 8 and an exhaust path 7 for discharging
exhaust gas from the cylinder 8. The intake path 2 1s formed
of an intake pipe and the like; the exhaust path 7 1s formed
of an exhaust pipe and the like. The intake path 2 has an
intake manifold 5 for supplying air to the respective cylin-
ders 8. A throttle valve 4 1s provided at a position, 1n the
intake path 2, that 1s at the upstream side of the intake
mamifold 5. Accordingly, the intake path 2 at the downstream
side of the throttle valve 4 1s formed of the intake manifold
5. The engine 1 has the supercharger 36. The supercharger
36 includes a turbine 32 provided in the exhaust path 7, a
compressor 31 that 1s provided at a position, in the intake
path 2, that 1s at the upstream side of the throttle valve 4, and
rotates integrally with the turbine 32, a bypass 37 (herein-
alter, referred to as an exhaust gas bypass 37), of the exhaust
path 7, that bypasses the turbine 32, a wastegate valve 34
provided in the exhaust gas bypass 37, and a gate valve
actuator 34a that drives the wastegate valve 34. The exhaust
gas bypass 37 1s a bypass flow path, for the turbine 32, that
connects the portion, of the exhaust path 7, that 1s at the
upstream side of the turbine 32 with the portion, of the
exhaust path 7, that 1s at the downstream side of the turbine
32. The wastegate valve 34 1s a valve for changing the tlow
path area (opening degree) of the exhaust gas bypass 37.

When exhaust gas drives and rotates the turbine 32, the
compressor 31 rotates integrally with the turbine 32, com-
presses air 1n the intake path 2, and transmits the air to the
cylinder 8. The turbine 32 and the compressor 31 are
coupled with each other by a turbine shait 39 1n such a way
as to integrally rotate on the same axis. A rotation speed
sensor 42 that generates an electric signal corresponding to
the rotation speed of the turbine shait 39 1s provided on the
turbine shait 39. When the opening degree of the wastegate
valve 34 1s increased through the gate valve actuator 34a, a
wastegate tlow rate, out of the exhaust gas flow rate Qex to
be exhausted from the engine 1 (cylinder 8), increases; the
wastegate tlow rate 1s the flow rate of part of the exhaust gas,
which bypasses the turbine 32 so as to flow 1n the exhaust
gas bypass 37. As a result, a turbine flow rate, which 1s the
flow rate of exhaust gas that flows into the turbine 32,
decreases. Accordingly, the rotation driving forces of the
turbine 32 and the compressor 31 are weakened. The gate
valve actuator 34a 1s an electric one that changes the
opening degree of the wastegate valve 34 through the
rotation driving force of an electric motor. The gate valve
actuator 34a may be a pressure-type one in which a dia-
phragm 1s supplied with a pressure obtained by reducing a
supercharging pressure P2 by a decompression amount




US 9,957,883 B2

S

adjusted through a solenoid valve and then the driving force
of the diaphragm changes the opening degree of the waste-
gate valve 34.

In Embodiment 1, the supercharger 36 includes a bypass
38 (hereinafter, referred to as an air bypass 38), of the intake
path 2, that bypasses the compressor 31, an air bypass valve
33 provided 1n the air bypass 38, and a bypass valve actuator
33a that drives the air bypass valve 33. The bypass valve
actuator 33a 1s a pressure-type one having a diaphragm that
1s actuated by the pressure diflerence between the super-
charging pressure P2 and a manifold pressure Pb. When the
supercharging pressure P2 increases to exceed a predeter-
mined pressure diflerence from the mamiold pressure Pb,
the diaphragm 1s activated and hence the air bypass valve 33
1s opened; thus, the upstream side and the downstream side
of the compressor 31 are connected. Accordingly, 1t 1s made
possible to prevent mechanical damage to an intake pipe or
the like caused by an abnormal rise of the supercharging
pressure P2 at a time when the accelerator pedal 1s released.
While an after-mentioned wastegate valve control unit 112
controls the opening degree of the wastegate valve 34, the
air bypass valve 33 1s basically closed.

An air cleaner 3 for purifying taken-in outer air 1s
mounted at the most upstream side of the intake path 2. At
a position that 1s at the downstream side (the side closer to
the cylinder 8) of the air cleaner 3 in the intake path 2 and
at the upstream side of the compressor 31, an air tlow sensor
12, which generates an electric signal corresponding to an
intake air tlow rate Qa, and an intake-air temperature sensor
13, which generates an electric signal corresponding to an
intake-air temperature T1 1n the mtake path 2, are provided,
as discrete components or as an integrated component (as an
integrated component, in this example). An atmospheric
pressure sensor 9, which generates an electric signal corre-
sponding to an atmospheric pressure P1, 1s provided at a
position that 1s at the downstream side of the air cleaner 3 in
the 1intake path 2 and at the upstream side of the compressor
31. The pressure at the upstream side of the compressor 31
can be regarded as being equal to the atmospheric pressure
P1. The atmospheric pressure sensor 9 may be contained 1n
the controller 100.

An exhaust gas purification catalyst 22 1s provided at the
downstream side of the turbine 32 in the exhaust path 7. At
a position that 1s at the downstream side of the turbine 32 1n
the exhaust path 7 and the upstream side (the side closer to
the cylinder 8) of the exhaust gas purification catalyst 22,
there 1s provided an air-fuel ratio sensor 16 that generates an
clectric signal corresponding to an air-fuel ratio AF, which
1s the ratio of air to fuel in a combustion gas.

An intercooler 30 for cooling compressed air 1s provided
at the downstream side of the compressor 31 1n the intake
path 2. The throttle valve 4 for adjusting an air amount to be
taken 1n by the engine 1 1s provided at the downstream side
of the mtercooler 30. The throttle valve 4 1s opened or closed
by a throttle motor (a motor for driving the throttle valve) 40.
The throttle valve 4 1s connected with a throttle position
sensor 14 that generates an electric signal corresponding to
a throttle opening degree, which 1s the opening degree of the
throttle valve 4. In a supercharging intake path, which 1s
part, of the mtake path 2, that 1s at downstream side of the
compressor 31 and at the upstream side of the throttle valve
4, there 1s provided a supercharging pressure sensor 35 that
generates an electric signal corresponding to the supercharg-
ing pressure P2, which 1s the pressure of air in the super-
charging intake path.

The part, of the intake path 2, that 1s at the downstream
side of the throttle valve 4 constitutes the intake manifold 5,
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which functions also as a surge tank for suppressing an
intake-air ripple. A manifold pressure sensor 15 that gener-
ates an electric signal corresponding to the manifold pres-
sure Pb, which 1s the pressure of air 1n the intake manifold
5, 1s provided 1n the intake manifold 5. Unlike Embodiment
1 1n which both the air flow sensor 12 and the manifold
pressure sensor 135 are provided, the supercharger-equipped
internal combustion engine may be provided only with the
manifold pressure sensor 15 but with no air flow sensor 12.
In the case where only the manifold pressure sensor 13 is
provided, 1t may be allowed that the intake-air temperature
sensor 13 1s provided 1n the intake manmifold 5 so as to detect
the intake-air temperature inside the intake manifold 5.

An mjector 17 for imjecting a fuel 1s provided at the
downstream side (the side closer to the cylinder 8) of the
intake manifold 5. The injector 17 may be provided in such
a way as to imject a fuel directly into the cylinder 8.

In the top portion of the cylinder 8, there are provided an
ignition plug 18 for 1igniting an inflammable fuel-air mixture
produced by mixing air taken into the cylinder 8 with a fuel
injected from the mnjector 17 and an 1gnition coil 19 for
generating energy with which the 1gmition plug 18 throws
sparks. There are also provided an intake valve 20 for
adjusting the 1ntake air amount to be taken from the intake
path 2 into the cylinder 8 and an exhaust valve 21 {for
adjusting the exhaust gas amount to be exhausted from the
cyhnder 8 to the exhaust path 7. On the crankshait of the
engine 1, there 1s provided a crank angle sensor 11 for
generating an electric signal corresponding to the rotation
angle of the engine 1.

1-2. The Configuration of the Controller 100

Next, the configuration of the controller 100 will be
explained. The controller 100 1s a controller whose control
subject 1s the engine 1 equipped with the supercharger 36.
Respective control units 110 through 112 and the like
provided in the controller 100 are realized by processing
circuits included 1n the controller 100. Specifically, as 1llus-
trated in FIG. 3, the controller 100 includes, as processing
circuits, a computing processing unit (computer) 90 such as
a CPU (Central Processing Unit), storage apparatuses 91
that exchange data with the computing processing unit 90,
an input circuit 92 that inputs external signals to the com-
puting processing unit 90, an output circuit 93 that outputs
signals from the computing processing unit 90 to the outside,
and the like. As the storage apparatuses 91, there are
provided a RAM (Random Access Memory) that can read
data from and write data in the computing processing unit
90, a ROM (Read Only Memory) that can read data from the
computing processing unit 90, and the like. The mput circuit
92 1s connected with various kinds of sensors and switches
and 1s provided with an A/D converter, an input port, and the
like for mputting output signals from the sensors and the
switches to the computing processing unit 90. The output
circuit 93 1s connected with electric loads and 1s provided
with a driving circuit, an output port, and the like for
outputting a control signal from the computing processing
umt 90 to the electric loads. In addition, the computing
processing unit 90 runs software items (programs) stored in
the storage apparatus 91 such as a ROM and collaborates
with other hardware devices 1n the controller 100, such as
the storage apparatus 91, the input circuit 92, and the output
circuit 93, so that the respective functions of the control
units 110 through 112 included in the controller 100 are
realized. Setting data items such as maps and setting values
to be utilized in the control units 110 through 112 are stored,
as part of software 1tems (programs), 1n the storage appa-

ratus 91 such as a ROM.
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In Embodiment 1, the input circuit 92 1s connected with
various kinds of sensors such as the atmospheric pressure
sensor 9, the crank angle sensor 11, the air flow sensor 12,
the intake-air temperature sensor 13, the throttle position
sensor 14, the manifold pressure sensor 15, the air-fuel ratio
sensor 16, the supercharging pressure sensor 33, an accel-
erator position sensor 41 for generating an electric signal
corresponding to an accelerator operating amount, and rota-
tion speed sensor 42 in the supercharger 36. The output
circuit 93 1s connected with various kinds of actuators such
as the throttle motor 40, the injector 17, the 1gnition coil 19,
the bypass valve actuator 33q, and the gate valve actuator
34a. Although not 1illustrated, the input circuit 92 1s con-
nected with a sensor for controlling the combustion in the
engine 1 and sensors (e.g., a vehicle speed sensor, a water
temperature sensor, and the like) for controlling the behavior
of the vehicle.

As basic control, the controller 100 calculates the fuel
injection amount and the 1gnition timing, based on nputted
output signals and the like from the various kinds of sensors
so as to perform driving control of a fuel 1gnition apparatus,
an 1gnition apparatus, and the like (unillustrated). Although
the details will be explained later, based on the output signal
of the accelerator position sensor 41 and the like, the
controller 100 calculates a demanded output torque
demanded on the engine 1, and then controls the throttle
valve 4, the wastegate valve 34, and the like so that an intake
air amount for realizing the demanded output torque 1is
obtained.

1-2-1. Dniving-Condition Detection Unit 110

The controller 100 1s provided with a driving-condition
detection unit 110 (corresponding to a driving-condition
detector) that detects the driving conditions of the engine 1
and the vehicle. The driving-condition detection unit 110
detects a real rotation speed Ntr of the supercharger 36 (the
compressor 31 and the turbine 32). In Embodiment 1, the
driving-condition detection unit 110 detects the real rotation
speed Ntr of the supercharger 36, based on the output signal
of the rotation speed sensor 42 provided in the supercharger
36.

Alternatively, the driving-condition detection unit 110
may detect the real rotation speed Ntr of the supercharger 36,
based on a real intake air flow rate Qar and a real before/
alter-compressor pressure ratio P2#/P1lr, which 1s the pres-
sure ratio of a real supercharging pressure P2 and a real
atmospheric pressure P1r. Specifically, by use of a rotation
speed map, as represented in FIG. 4, in which the relation-
ship among the intake-air volume flow rate obtained by
dividing the intake air flow rate QQa by the air density, a
betfore/alter-compressor pressure ratio P2/P1, which 1s the
pressure ratio of the supercharging pressure P2 and the
atmospheric pressure P1, and a rotation speed Nt of the
supercharger 36 1s preliminarily set, the driving-condition
detection unit 110 calculates the real rotation speed Ntr of
the supercharger 36 corresponding to a real volume flow rate
obtained by dividing the real intake air flow rate Qar by the
air density and the real belore/alter-compressor pressure
ratio P2#/Plr. FIG. 4 represents an 1so-rotation speed line
obtained by connecting points at which the respective rota-
tion speeds Nt become equal to one another when the
volume flow rate and the before/after-compressor pressure
ratio P2/P1 are changed.

The drniving-condition detection unit 110 detects the real
rotation speed Ner of the engine 1, the real intake air flow
rate Qar, and the real atmospheric pressure P1r. Specifically,
the driving-condition detection umit 110 detects the real
rotation speed Ner of the engine 1, based on the output signal
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of the crank angle sensor 11, detects the real intake air tlow
rate Qar of the engine 1, based on the output signal of the air
flow sensor 12 or the manifold pressure sensor 15, and
detects the real atmospheric pressure Plr, based on the
output signal of the atmospheric pressure sensor 9.

In addition to the foregoing driving conditions, the driv-
ing-condition detection unit 110 detects various kinds of
driving conditions such as a real intake air temperature T1r,
a real throttle opening degree THr, a real mamfold pressure
Pbr, an exhaust gas air-fuel ratio AF, a real supercharging
pressure P27, and an accelerator opening degree D. Specifi-
cally, the drniving-condition detection unit 110 detects the
real intake air temperature T17, based on the output signal of
the intake-air temperature sensor 13, detects the real throttle
opening degree THr, based on the output signal of the
throttle position sensor 14, detects the real manifold pressure
Pbr, based on the output signal of the mamiold pressure
sensor 15, detects the exhaust gas air-fuel ratio AF, based on
the output signal of the air-fuel ratio sensor 16, detects the
real supercharging pressure P2, based on the output signal
of the supercharging pressure sensor 35, and detects the
accelerator opening degree D, based on the output signal of
the accelerator position sensor 41.
<Real Intake Air Flow Rate Calculation Unit 141>

The driving-condition detection unit 110 1s provided with
a real intake air flow rate calculation unit 141. The real
intake air tlow rate calculation unit 141 calculates the real
intake air tlow rate Qar, which 1s the flow rate of air that 1s
taken 1n by the engine 1 (the intake path 2). In Embodiment
1, based on the output signal of the air flow sensor 12 or the
manifold pressure sensor 15 (1n this example, the air flow
sensor 12), the real intake air flow rate calculation umt 141
calculates the real intake air tlow rate Qar|g/s].
<Real In-Cylinder Fresh Air Amount Calculation Unit 142>

The driving-condition detection unit 110 1s provided with
a real in-cylinder fresh air amount calculation unit 142.
Based on the output signal of the air flow sensor 12 or the
manifold pressure sensor 15 (1n this example, the air flow
sensor 12), the real in-cylinder fresh air amount calculation
umt 142 calculates a real charging etliciency Ecr and a real
in-cylinder fresh air amount Qcr.

In Embodiment 1, as represented in the equation (1)
below, the real mn-cylinder fresh air amount calculation unit
142 applies first-order-lag filter processing, which simulates
a delay 1n the intake manifold 5 (surge tank), to the value
obtained by multiplying the real intake air flow rate Qar by
the stroke period AT (n this example, the interval of
BTDC5degCA), 1n order to calculate the real in-cylinder
fresh air amount Qcr per stroke [g/stroke].

QOcr(n)=KCCAxQcr(n-1)+(1-KCCA)xQar(n)xAT(n)

where KCCA 1s a filter coellicient.

Alternatively, 1t may be allowed that as represented 1n the
equation (2) below, the real mn-cylinder fresh air amount
calculation unit 142 calculates the volume of air, 1in the
intake manifold 35, that has been taken in by the cylinder 8,
by multiplying a volumetric efliciency Kv on the basis of the
intake manifold 5 by a cylinder volume Vc, and then
multiplies the calculated air volume by an air density pb,
which 1s calculated based on the real manifold pressure Pbr
and the real intake air temperature T1r, 1n order to calculate
the real in-cylinder fresh air amount Qcr|g/stroke]. In the
equation (2), the volumetric efliciency Kv i1s the ratio of the
volume of air, in the intake manifold 3, that 1s taken 1n by
the cylinder, to the cylinder volume Ve (Kv=the volume of
air 1in the mtake manifold 5 taken in by the cylinder 8/Vc).
By use of a map 1n which the relationship among the rotation

(1)
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speed Ne, the manifold pressure Pb, and the volumetric
elliciency Kv 1s preliminarily set, the real in-cylinder fresh
air amount calculation unit 142 calculates the volumetric
elliciency Kv corresponding to the real rotation speed Ner
and the real manifold pressure Phr.

Qcr=(KvxVe)xpb,pb=FPbr/(RxT1r) (2)

where R 1s a gas constant.

As represented in the equation (3) below, the real 1n-
cylinder fresh air amount calculation unit 142 calculates the
real charging elliciency Ecr by dividing the real in-cylinder
fresh air amount Qcr by a value obtained by multiplying the
density of air under the standard atmospheric condition by
the cylinder volume Vc. The real charging efliciency Ecr 1s
the ratio of the real in-cylinder fresh air amount Qcr to the
density (xVc¢) of air under the standard atmospheric condi-
tion, with which the cylinder volume Vc¢ i1s filled. The

standard atmospheric condition denotes the state of 1 atm
and 25° C.

Lcr=Qcr/(pOx V)

1-2-2. Intake Air Control Unit 111

The controller 100 1s provided with an intake air control
unit 111 (corresponding to an intake air controller) that
controls intake air of the engine 1. The intake air control unit
111 calculates a target intake air flow rate Qat, which 1s a
target value of the intake air flow rate Qa, and a target
charging efliciency Ect, which 1s a target value of the
charging efliciency Ec.

In Embodiment 1, the intake air control unit 111 includes
a demanded torque calculation unit 120 that calculates a
demanded output torque TRQd, which 1s the output torque
demanded on the engine 1, a target torque calculation unit
121 that calculates a target output torque TRQt or a target
indicated mean eflective pressure Pit, based on the
demanded output torque TRQd, a target in-cylinder fresh air
amount calculation unit 122 that calculates the target charg-
ing efhiciency Ect and the target in-cylinder fresh air amount
Qct, based on the target output torque TRQt or the target
indicated mean effective pressure Pit, a target intake air tlow
rate calculation unit 123 that calculates the target intake air
flow rate Qat, based on the target in-cylinder fresh air
amount Qct, and a throttle opening degree control unit 124
that controls the throttle opening degree, based on the target
intake air flow rate Qat.

Hereinafter, the control units 120 through 124 in the
intake air control unit 111 will be explained 1n detail.
<Demanded Torque Calculation Unit 120>

The demanded torque calculation unit 120 calculates the
demanded output torque TRQd, based on the accelerator
opening degree D and a demand from an external controller.
Based on the real rotation speed Ner of the engine 1 (or a
traveling speed VS of the vehicle) and the accelerator
opening degree D, the demanded torque calculation unit 120
calculates a driver-demanded output torque, which 1s an
output torque, of the engine 1, that 1s demanded by the driver
of the vehicle. Specifically, by use of a map 1n which the
relationship among the real rotation speed Ner of the engine
1 (or the traveling speed VS), the accelerator opening degree
D, and the drniver-demanded output torque 1s preliminarily
set, the demanded torque calculation unit 120 calculates
driver-demanded output torque corresponding to the real
rotation speed Ner (or the traveling speed VS) and the
accelerator opening degree D.

An external controller (e.g., a transmission controller, a
brake controller, a controller for traction control, or the like)
iputs an external demanded output torque TRR to the

(3)
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controller 100. In accordance with the driving condition, the
demanded torque calculation umt 120 selects one of the
driver-demanded output torque and the external demanded
output torque TRR and then outputs the selected torque, as
the demanded output torque TRQd. The demanded output
torque TR(Qd denotes the demanded value of torque output-
ted from the crankshait of the engine 1.

<Target Torque Calculation Unit 121>

The target torque calculation umt 121 calculates the target
output torque TRQt or the target indicated mean eflfective
pressure Pit, based on the demanded output torque TRQd.
The target torque calculation unit 121 calculates a load of an
engine auxiliary apparatus corresponding to the real driving
condition such as the real rotation speed Ner, by use of a map
in which the relationship between the driving condition such
as the rotation speed Ne and the load of the engine auxiliary
apparatus 1s preliminarily set, based on experimental data
obtained by measuring the respective loads of various kinds
of engine auxiliary apparatuses (e.g., an alternator, an air
conditioner compressor, a power steering pump, a transmis-
sion pump, a torque converter, and the like). The target
torque calculation unit 121 adds the load (an absolute value)
of an engine auxiliary apparatus to the demanded output
torque TRQd so as to output an engine demanded output
torque at a time when the load of an engine auxiliary
apparatus 1s taken into consideration.

Next, the target torque calculation unit 121 calculates
engine loss corresponding to the real driving condition such
as the real rotation speed Ner, by use of a map 1n which the
relationship between the drniving condition such as the
rotation speed Ne and the engine loss 1s preliminarily set,
based on real data obtained by measuring mechanical loss
and pumping loss inherent 1n the engine 1 (collectively,
referred to as engine loss). Then, the target torque calcula-
tion unit 121 adds the engine loss (an absolute value) to the
engine demanded output torque so as to calculate the target
indicated mean effective pressure Pit to be produced in the
cylinder 8. It may be allowed that the target torque calcu-
lation unit 121 calculates the target output torque TRQX,
instead of the target indicated mean eflective pressure Pit.

<Target In-Cylinder Fresh Air Amount Calculation Unait
122>

The target m-cylinder fresh air amount calculation unit
122 calculates the target in-cylinder fresh air amount Qct

and the target charging efliciency Ect, based on the target
indicated mean eflective pressure Pit or the target output
torque TRQt. The target in-cylinder fresh air amount calcu-
lation umt 122 calculates the target in-cylinder fresh air
amount Qct [g/stroke] and the target chargmg ethiciency Ect,
based on the target indicated mean eflective pressure Pit or
the target output torque TRQt, the target value of the air-fuel
ratio AF, and the thermal efliciency M. By use of a map in
which the relationship among the rotation speed Ne, the
charging efliciency Ec, and the thermal efliciency m 1s
preliminarily set, the target in-cylinder fresh air amount
calculation unmit 122 calculates the thermal efliciency n
correspondmg to the real rotation speed Ner and the real
charging efliciency Ecr. The cylinder volume V¢ denotes a
stroke volume [L] per one cylinder of the cylinder 8.

As represented in the equation (4) below, the target
11- cylinder fresh air amount calculation unit 122 calculates
the target 1n- Cyhnder fresh airr amount Qct and the target
charging efliciency Ect, based on the target indicated mean




US 9,957,883 B2

11

cllective pressure Pit, the target value of the air-fuel ratio AF,
and the thermal ethiciency 1.

Oct=AFxPitx Ve/(mx44000)

Ect=AFxPit/(nx44000x) (4)

where “44000” 1s a heat generation amount per unit mass
[J/kg] of a fuel (in this example, gasoline) to be utilized in
the engine 1. By use of a map in which the relationship
among the rotation speed Ne, the charging efliciency Ec, and 10
the thermal efliciency m 1s preliminarily set, the target
in-cylinder fresh air amount calculation unit 122 calculates
the thermal efliciency m corresponding to the real rotation
speed Ner and the real charging efliciency Ecr.

It may be allowed that the target in-cylinder fresh air 15
amount calculation unit 122 calculates the target charging
elliciency Ect by dividing the target in-cylinder fresh air
amount Qct by the preliminarily set mass (p0xVc) of air
with which the cylinder volume Vc 1s filled under the
standard atmospheric condition. The target charging efli- 20
ciency Ect and the target in-cylinder fresh air amount Qct are
values that correlate to each other; based on the calculated
value of one of them, the value of the other one 1s calculated.
<Target Intake Air Flow Rate Calculation Unit 123>

Based on the target in-cylinder fresh air amount Qct, the 25
target intake air flow rate calculation unit 123 calculates the
target intake air flow rate (amount) Qat [g/s] to be taken in
by the engine 1 through the intake path 2. In Embodiment 1,
as represented 1n the equation (35) below, the target intake air
flow rate calculation umt 123 obtains a value by applying 30
first-order advance filtering processing, which has a char-
acteristic reverse to that of the foregoing first-order lag
filtering processing represented 1n the equation (1), to the
target in-cylinder fresh air amount Qct; then, the target
intake air flow rate calculation unit 123 divides the obtained 35
value by the stroke period AT so as to calculate the target
intake air flow rate Qat. The target intake air tlow rate Qat
corresponds to the target value of the tlow rate of air that
passes through the intake path 2 (for example, the throttle
valve 4) at the upstream side of the imtake manifold 5 (the 40
surge tank). In this example, the stroke period AT 1s set to
in the interval of BTDC5degCA; in the case of a four-
cylinder engine, the stroke period AT 1s the interval of

180degCA; 1n the case of a three-cylinder engine, the stroke
period AT 1s the interval of 240degCA. 45

Oat(n)={1/(1-KCCA)xQct(n)-KCCA/(1-KCCA)xOct
(n-1)VAT(») (3)

<Throttle Opening Degree Control Unit 124>

The throttle opeming degree control umt 124 controls the 50
throttle opening degree, based on the target intake air flow
rate Qat. Based on the target intake air tlow rate Qat, the
throttle opeming degree control unit 124 sets a target throttle
opening degree THt and then applies drlvmg control to the
throttle motor 40 so that the real throttle opening degree THr 55
approaches a target throttle opening degree THt. The throttle
opening degree control unit 124 implements learning control
for correcting the target throttle opening degree THt so that
the real intake air flow rate Qar approaches the target intake
air tlow rate Qat. 60
1-2-3. Wastegate Valve Control Unit 112

The controller 100 1s provided with the wastegate valve
control umt 112. The wastegate valve control unit 112
performs driving control of the wastegate valve 34 so as to
control driving force for the compressor 31. As represented 65
in FIG. 2, the wastegate valve control unit 112 includes a
target compressor driving force calculation unit 131 (corre-

12

sponding to a target compressor driving force calculator), a
real compressor driving force calculation unit 132 (corre-
sponding to a real compressor driving force calculator), a
supercharger inertial force calculation unit 133 (correspond-
ing to a supercharger inertial force calculator), a gate valve
control value calculation umt 134 (corresponding to a gate
valve control value calculator), and the like.

The target compressor driving force calculation unit 131
calculates a target compressor driving force Pct, which 1s a
target value of the driving force for the compressor 31. The
real compressor driving force calculation unit 132 calculates
a real compressor driving force Pcr, which 1s a real value of
the driving force for the compressor 31. Based on the real
rotation speed Nir of the supercharger 36, the supercharger
inertial force calculation unit 133 calculates 1nertial force Pir
produced by an inertial moment It of the supercharger 36.
The gate valve control value calculation unit 134 1mple-
ments driving force feedback control for changing a gate
valve control value WG so that an addition value Pcr*®
(heremafiter, referred to as mertial force added driving force
Pcr*) obtained by adding the inertial force Pir to the real
compressor driving force Pcr approaches the target com-
pressor driving force Pct, and performs driving control of the
wastegate valve 34 based on the gate valve control value
WG.

As represented 1n FIG. 5 1n which a block diagram shows
a control system 1n a schematic manner, when the gate valve
control value calculation unit 134 (controller) changes the
gate valve control value WG, the opeming degree of the
wastegate valve 34 changes and hence a turbine output Px,
which 1s driving force for the supercharger 36, changes. In
other words, when the openming degree of the wastegate valve
34 1s changed, the turbine tlow rate, which 1s the tlow rate
of exhaust gas that flows through the turbine 32, and the
pressure at the upstream side of the turbine 32 change; thus,
the turbine output Pt to be generated by the turbine 32
changes. Then, the turbine output Pt is transmitted to the
compressor 31, where the turbine output Pt becomes driving
force to be consumed 1n the compressor 31. As described
above, the direct control subject of the wastegate valve 34 1s
the exhaust system around the turbine 32 and the turbine 32;
the control system 1s configured 1n such a way that when the
opening degree of the wastegate valve 34 1s changed, the
conditions of the exhaust system and the turbine 32 are
changed and hence the turbine output Pt 1s changed.

Instead of directly detecting the turbine output Pt, the
wastegate valve control unit 112 detects driving force actu-
ally consumed by the compressor 31, 1.¢., the real compres-
sor driving force Pcr. However, the turbine output Pt and the
real compressor driving force Pcr do not completely coin-
cide with each other. That 1s to say, the turbine output Pt is
consumed also by inertial force P1 produced by the inertial
moment It of the supercharger 36. Thus, the output obtained
by subtracting the inertial force P1 from the turbine output Pt
1s the compressor driving force Pc that 1s consumed by the
compressor 31.

FIG. 6 represents a comparative example 1n which unlike
Embodiment 1, the gate valve control value WG 1s changed
so that the detected real compressor driving force Pcr
approaches the target compressor driving force Pct. In the
case of this comparative example, the inertial force P1 works
as a disturbance component in the feedback system, which
changes the turbine output Pt. In a transient response after
the target compressor driving force Pct has been changed,
the rotation speed of the supercharger 36 changes; thus, the
inertial force P1 becomes large. As a result, the transient
response of the feedback system 1s disturbed by the distur-
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bance component of the inertial force P1; thus, there have
been problems, for example, that no stable transient
response of the real compressor driving force Pcr 1s obtained
and that the feedback control gain for obtaining a stable
transient response of the real compressor driving force Pcr
cannot appropriately be set.

Accordingly, as represented in FIG. 7, Embodiment 1 1s
configured in such a way that as described above, the inertial
torce added driving force Pcr*, which 1s a value correspond-
ing to the turbine output Pt, i1s calculated by adding the
calculated 1nertial force Pir to the detected real compressor
driving force Pcr, and then the gate valve control value WG
1s changed so that the 1nertial force added driving force Pcr*
approaches the target compressor driving force Pct. Thus, 1n
the feedback control system 1n which the turbine output Pt
1s changed, the inertial force P1, which works as a distur-
bance component, can be compensated and hence the feed-
back control can be implemented by use of the 1nertial force
added driving force Pcr* corresponding to the turbine output
Pt. Accordingly, 1t 1s made possible to obtain a stable
transient response of the desired inertial force added driving,
force Pcr* for a change in the target compressor driving
force Pct and to appropriately set the feedback control gain
for obtaining the stable transient response of the desired
inertial force added driving force Pcr*. Because the stable
transient response of the desired inertial force added driving,
torce Pcr* can be obtained, the transient response of the real
compressor driving force Pcr obtained by subtracting the
inertial force Pir from the inertial force added driving force
Pcr* stabilizes and hence the feedback control gain can be
adjusted so that the transient response of the desired real
compressor driving force Pcr 1s realized.

Hereinafter, the respective configurations of the control
units 1n the wastegate valve control unit 112 will be
explained 1n detail.
<Target Supercharging Pressure Calculation Unit 135>

The wastegate valve control unit 112 1s provided with a
target supercharging pressure calculation unit 1335 (corre-
sponding to a target supercharging pressure calculator) for
calculating a target supercharging pressure P2z to be utilized
in calculation of the target compressor driving force Pct.

Based on the target charging efliciency Ect and the real
rotation speed Ner of the engine 1, the target supercharging
pressure calculation unit 135 calculates the target super-
charging pressure P2¢, which 1s the target value of the
supercharging pressure P2 that 1s the pressure at a position,
in the itake path 2, that 1s at the downstream side of the
compressor 31 and at the upstream side of the throttle valve
4.

In Embodiment 1, based on the real rotation speed Ner of
the engine 1 and the real manifold pressure Pbr, the target
supercharging pressure calculation unit 135 calculates the
volumetric etliciency Kv on the basis of the intake manifold
5; based on the volumetric efliciency Kv, the target charging
elliciency Ect, and the real intake air temperature T17, the
target supercharging pressure calculation unit 135 calculates
a target manifold pressure Pbt, which 1s the target value of
the pressure 1n the intake manifold 5; then, the target
supercharging pressure calculation unit 135 adds a pressure
addition value KP2 to the target manifold pressure Pbt so as
to calculate the target supercharging pressure P2¢. The
volumetric efliciency Kv 1s a volumetric efficiency Kv on the
basis of the volume of air in the intake manifold 5, 1.e., the
ratio of the volume of air, in the intake manifold 5, that 1s
taken in by the cylinder 8, to the cylinder volume Vc
(Kv=the volume of air, 1n the intake manifold 5, taken 1n by
the cylinder 8/Vc). As 1s the case with the real in-cylinder
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fresh air amount calculation unit 142, the target supercharg-
ing pressure calculation unit 135 calculates the volumetric
elliciency Kv corresponding to the real rotation speed Ner
and the real manifold pressure Pbr, by use of a map in which
the relationship among the rotation speed Ne, the manifold
pressure Pb, and the volumetric efliciency Kv 1s preliminar-
ily set.

As represented in the equation (6) below, the target
supercharging pressure calculation unit 1335 calculates the
pressure addition value KP2 corresponding to the target
charging efliciency Ect and the real rotation speed Ner, by
use of a pressure addition value map MAPKp2 in which the
relationship among the rotation speed Ne, the target charg-
ing efliciency Ect, and the pressure addition value KP2 1s
preliminarily set. Then, the target supercharging pressure
calculation unit 135 adds the pressure addition value KP2 to
the target manifold pressure Pbt so as to calculate the target
supercharging pressure P2¢. The pressure addition value
KP2 1s a value for securing the pressure diflerence between
the pressure before the throttle valve 4 and the pressure after
the throttle valve 4 and controlling the intake air tflow rate Qa
by the throttle valve 4. It may be allowed that the pressure
addition value KP2 1s set to a fixed value of approximately

5 [kPal.

P2i=Pbt+KP?

KP2=MAPKp2(Ect Ner) (6)

<Target Compressor Driving Force Calculation Unit 131>

The target compressor driving force calculation unit 131
calculates the target compressor driving force Pct, which 1s
a target value of driving force for the compressor 31.

In Embodiment 1, the target compressor driving force
calculation unit 131 calculates the target compressor driving
force Pct, based on the target intake air flow rate Qat and the
target before/atter-compressor pressure ratio P2¢/P1r, which
1s the pressure ratio of the target supercharging pressure P2¢
and the real atmospheric pressure Plr

Here, the basic characteristics of the compressor 31 and
the turbine 32 will be explamned. Taking the mass conser-
vation law, the polytropic change, and the adiabatic efli-
ciency, which are physical laws regarding the state of air,
into consideration, the turbine output Pt{W] and the com-
pressor driving force Pc[ W] can be calculated through the
theoretical equation (7) below.

Pr=Qt-ni-Wi = (7)
k—1 K1
C T3[1 ™ K] " R TS[I ™ H]
oo 1-(5) | = oy {135
-1
Qcmp - We 1 P2\ %
Pc = = Qcmp—Cp-T1 (—] -1]=
ne e Pl
P2 f{i
cm R-Tl[(—] ’ —1]
ne kK — 1 Pl
o C : R
AR

where Cp 1s a constant-pressure specific heat[kl/(kg-K)]; Wt
1s a turbine output[J] per unit flow rate; Wc 1s a compressor
work[J] per unit tlow rate; K 1s a specific heat ratio; Qt 1s the
mass tlow rate [g/s] ol exhaust gas that passes through the
turbine 32; Qcmp 1s the mass flow rate[g/s] of air that passes
through the compressor 31; R 1s a gas constant[kl/(kg-K)],
Nt 1s the adiabatic efliciency of the turbine 32; mc is the
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adiabatic efliciency of the compressor 31; T3 1s the tem-
perature ol exhaust gas; P3 1s the pressure at the upstream
side of the turbine 32; P4 is the pressure at the downstream
side of the turbine 32.

Because 1n the normal state, the air bypass valve 33 1s
basically closed and hence all the intake air (the intake air
flow rate Qa) passes through the compressor 31, 1t can be
assumed, 1n the equation (7) above, that the intake air tlow
rate QQa 1s equal to the compressor-passing flow rate Qcmp.
Accordingly, the compressor driving force Pc can be calcu-
lated through the equation (8) below, by use of the intake air
flow rate Qa, the before/after-compressor pressure ratio
P2/P1, which 1s the ratio of the supercharging pressure P2
and the atmospheric pressure P1, and the intake-air tem-
perature 11.

(8)

1 «

er{(2)°
ne kK —1 | Pl

As represented in the equation (9) below, the target
compressor driving force calculation unit 131 calculates the
target compressor driving force Pct, based on the target
intake air tlow rate Qat, the target before/after-compressor
pressure ratio P2#/Plr, which 1s the pressure ratio of the
target supercharging pressure P2¢ and the real atmospheric
pressure Plr, a target adiabatic efliciency nct of the com-
pressor 31, and the real intake air temperature T1r. In this
situation, the target compressor driving force calculation
unit 131 calculates a pressure ratio correction coeflicient F1
corresponding to the target before/after-compressor pressure
ratio P2#/P1r, which 1s the pressure ratio of the target
supercharging pressure P2¢ and the real atmospheric pres-
sure P17, by use of a pressure ratio correction coeflicient
map MAPF1 1n which based on the theoretical equation (9)
below, the relationship between the pressure ratio correction
coellicient F1 and the before/after-compressor pressure ratio
P2/P1, which 1s the pressure ratio of the supercharging
pressure P2 to the atmospheric pressure P1, 1s preliminarily
set.

Pc = Qa

1 (9)
Pct = Qar—Tlr-F1
net

P2t
Fl = MAPFI(—],
Plr

" MAPFI(Pz]
. ﬁ = - .

As represented in the equation (10) below, the target
compressor driving force calculation unit 131 calculates the
target adiabatic efliciency mct corresponding to the target
intake air flow rate QQat and the target before/after-compres-
sor pressure ratio P2#/Plr, by use of an adiabatic efliciency
calculation map MAPnc in which the relationship among
the intake air flow rate Qa, the before/after-compressor
pressure ratio P2/P1, and the adiabatic efliciency nc of the
compressor 31 1s preliminarily set. It may be allowed that
the target compressor driving force calculation unit 131
calculates target compressor driving force Pct without con-
sidering the change in the adiabatic efliciency, for example,
by setting the target adiabatic efliciency nct to a fixed value.

Nci=MAPnc(Qat, P2t/Plr) (10)
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<Real Compressor Driving Force Calculation Unit 132>

As described above, the real compressor driving force
calculation unmit 132 calculates the real compressor driving
force Pcr, which 1s the real value of driving force for the
compressor 31.

In Embodiment 1, the target compressor driving force
calculation unmit 132 calculates the real compressor driving
force Pcr, based on the real intake air flow rate Qar and the
real before/after-compressor pressure ratio P2#/P1r, which 1s
the pressure ratio of the real supercharging pressure P2» and
the real atmospheric pressure Plx

As represented 1n the after-mentioned equation (11) that 1s
similar to the equation (9) above, the real compressor
driving force calculation unit 132 calculates the real com-
pressor driving force Pcr, based on the real intake air flow
rate Qar, the real before/after-compressor pressure ratio
P2»/P1r, which 1s the pressure ratio of the real supercharging
pressure P2y and the real atmospheric pressure Plr, a real
adiabatic efliciency mcr of the compressor 31, and the real
intake air temperature T1r. In this situation, as 1s the case
with the target compressor driving force calculation umit
131, the real compressor driving force calculation unit 132
calculates a pressure ratio correction coethlicient F1 corre-
sponding to the real before/after-compressor pressure ratio
P2»/P1r, which 1s the pressure ratio of the real supercharging
pressure P2r and the real atmospheric pressure P17, by use
of a pressure ratio correction coetlicient map MAPF1 1n
which the relationship between the pressure ratio correction
coellicient F1 and the before/alter-compressor pressure ratio
P2/P1 1s preliminarily set.

1 (11)
Qar—Tlr-F1
ner

Pcr =

P2r
Fl= MAPFI(—],
Plr

A(2)7 -

The real compressor driving force calculation unit 132
calculates the real adiabatic efliciency ncr corresponding to
the real intake air tlow rate Qar and the real before/atter-
compressor pressure ratio P2#/Plr, by use of the adiabatic
elliciency calculation map MAPwc i which as represented
in the equation (12) below, the relationship among the intake
air flow rate Qa, the before/after-compressor pressure ratio
P2/P1, and the adiabatic efliciency nc of the compressor 31
1s preliminarily set. As the adiabatic efliciency calculation
map MAPmnc, a map the same as the map utilized by the
target compressor driving force calculation unit 131 1s
utilized. It may be allowed that as 1s the case with the target
compressor driving force calculation umit 131, the real
compressor driving force calculation unit 132 calculates the
real compressor driving force Pcr without considering the
change 1n the adiabatic efliciency nc, for example, by setting
the real adiabatic efliciency mcr to a fixed value.

P’ K
MAPFI(—] o~
Pl K—1

necr=MAPnc(Qar, P2r/Plr) (12)

<Supercharger Inertial Force Calculation Unit 133>

As described above, based on the real rotation speed Ntr
of the supercharger 36, the supercharger inertial force cal-
culation unit 133 calculates inertial force Pir produced by
the 1nertial moment It of the supercharger 36.

In Embodiment 1, as represented in the equation (13)
below, based on the real rotation speed Ntr of the super-
charger 36, the supercharger inertial force calculation unit
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133 calculates a real rotation acceleration atr of the super-
charger 36, and then calculates the 1nertial force Pir [W] by
multiplying the real rotation acceleration atr of the super-
charger 36 by the inertial moment It of the supercharger 36
and the real rotation speed Ntr of the supercharger 36. The

inertial force Pir [W] 1s power. The supercharger inertial
force calculation unit 133 calculates the real rotation accel-

eration atr by dividing a changing amount ANtr of the real
rotation speed Nir of the supercharger 36 in a preliminarily
set iterval ATn by the interval ATn.

Pir=atrxlitxNtr

altr=ANtr/Aln (13)

The 1nertial moment It 1s the inertial moment of the
members (1n this example, the turbine 32, the compressor
31, and the turbine shait 39) that rotate integrally with the
turbine 32 and the compressor 31, and 1s preliminarily set.
<(Gate Valve Control Value Calculation Unit 134>

The gate valve control value calculation unit 134 1mple-
ments driving force feedback control 1n which the gate valve
control value WG 1s changed so that the 1nertial force added
driving force Pcr* obtained by, as the equation (14), adding
the 1nertial force Pir to the real compressor driving force Pcr
approaches the target compressor driving force Pct. Based
on the gate valve control value WG, The gate valve control
value calculation unit 134 outputs a control signal to the gate
valve actuator 34a so as to perform driving control of the
wastegate valve 34.

Per*=Pcr+Fir (14)

As represented 1n the equation (15) below, the gate valve
control value calculation unit 134 implements, as driving
force teedback control, PID control for calculating a feed-
back correction value WG1b through a proportional opera-
tion, an 1ntegral operation, and a differential operation based
on the difference between the target compressor driving
torce Pct and the inertial force added driving force Pcr*.

WGb=KpxAPc+|(Kix APc)dt+Kdxd(APc)/dt

APc=PFPct-FPcr* (15)

where Kp, Ki, and Kd are the proportional gain, the inte-
gration gain, and the differentiation gain, respectively, and
are control gains at a time when PID control 1s implemented.

It may be allowed that as the driving force feedback
control, each of various kinds of feedback controls (e.g., PI
control, or learning control i addition to PID control) other
than PID control 1s utilized.

In Embodiment 1, based on the target compressor driving,
force Pct and the exhaust gas flow rate Qex, the gate valve
control value calculation umt 134 calculates a basic gate
valve control value WGb, which 1s the basic value of the
gate valve control value WG. Then, as represented in the
equation (16) below, the gate valve control value calculation
unit 134 calculates, as the final gate valve control value WG,

a value obtained by correcting the basic gate valve control
value WGb with the feedback correction value WGib.

WG=WGh+WGfh (16)

The gate valve control value calculation unit 134 calcu-
lates, as the basic gate valve control value WGb, the gate
valve control value WG corresponding to the target com-
pressor driving force Pct and the exhaust gas tlow rate Qex,
by use of a gate valve control value calculation map
MAPWG 1 which as represented in the equation (17)
below, the relationship among the compressor driving force
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Pc, the exhaust gas flow rate (Qex, and the gate valve control
value WG 1s preliminarily set.

WGh=MAPWG(Pct, Qex) (17)

The gate valve control value calculation unit 134 calcu-
lates the exhaust gas flow rate Qex, based on the real intake
air tlow rate Qar and the air-fuel ratio AF. In Embodiment 1,
as represented 1n the equation (18) below, the gate valve
control value calculation unit 134 calculates the exhaust gas
flow rate Qex, based on the real in-cylinder fresh air amount
Qcr calculated based on the real intake air flow rate Qar and
the exhaust gas air-fuel ratio AF detected by the air-fuel ratio
sensor 16. Instead of Qcr/AT, the real intake air tlow rate Qar
may be utilized; as the air-fuel ratio AF, the target value of
the air-fuel ratio AF, which i1s utilized 1n the fuel calculation,
may be utilized.

(18)

1-2-4. Control Behavior

The behaviors of controls of the inertial force added
driving force Pcr* and the real compressor driving force Pcr
will be explained by use of the timing chart in FIG. 8.

Due to an increase 1n the accelerator opening degree and
the like, the target supercharging pressure P27 increases and
hence the target compressor driving force Pct increases;
then, the turbine output Pt and the real compressor driving
force Pcr increase and hence the real supercharging pressure
P2» increases. In this situation, because the real rotation
speed Nir of the supercharger 36 increases, the inertial force
Pir of the supercharger 36 increases. Although not repre-
sented 1 FIG. 8, due to the driving force feedback control,
the gate valve control value WG 1s changed 1n accordance
with the difference between the target compressor driving,
force Pct and the inertial force added driving force Pcr*, so
that the opening degree of the wastegate valve 34 1s
changed. Because part of the turbine output Pt 1s consumed
as the mertial force Pir, the output obtained by subtracting
the inertial force Pir from the turbine output Pt 1s the real
compressor driving force Pcr, which 1s dniving force con-
sumed by the compressor 31.

In Embodiment 1, there 1s implemented drniving force
teedback control 1n which the gate valve control value WG
1s changed so that the mertial force added driving force Pcr*,
which 1s obtained by adding the inertial force Pir to the real
compressor driving force Pcr and corresponds to the turbine
output Pt, approaches the target compressor driving force
Pct. Accordingly, as described above, 1n the feedback control
system 1n which the turbine output Pt 1s changed, the 1nertial
force Pir, which works as a disturbance component, can be
compensated and hence the feedback control can be 1imple-
mented by use of the mertial force added driving force Pcr®
corresponding to the turbine output Pt. Accordingly, for a
change 1n the target compressor driving force Pct, a stable
desired transient response of the 1nertial force added driving
force Pcr* can be obtained. In the example represented 1n
FIG. 8, the feedback control gain i1s adjusted 1n order to
obtain a feedback response 1n which after overshooting the
target compressor driving force Pct, the mertial force added
driving force Pcr™* approaches the target compressor driving
force Pct. Because the real compressor driving force Pcr 1s
the driving force obtained by subtracting the iertial force
Pir from the turbine output Pt (the inertial force added
driving force Pcr*), the real compressor driving force Pcr
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becomes smaller than the inertial force added driving force
Pcr* that 1s overshooting; thus, there can be obtained a
transient response in which the amount of overshooting from
the target compressor driving force Pct 1s small. Because an
change in the real compressor driving force Pcr and an
change 1n the real supercharging pressure P2 correspond to
cach other, the amount of overshooting, of the real super-
charging pressure P2y, that 1s caused by a change in the
target supercharging pressure P27 can be reduced. That 1s to
say, 1n order to obtain a transient response in which the
amount of overshooting of the real compressor driving force
Pcr from the target compressor driving force Pct 1s small, the
teedback control gain 1s adjusted and the transient response
of the mertial force added driving force Pcr* 1s adjusted.

FIG. 8 represents an example of case where the target
supercharging pressure P27 increases and hence the target
compressor driving force Pct increases; also in the case
where the target supercharging pressure P27 decreases and
hence the target compressor driving force Pct decreases,
there can be obtained a stable transient response 1n which the
inertial force added driving force Pcr* appropriately under-
shoots the target compressor driving force Pct. Because the
real compressor driving force Pcr becomes larger than the
inertial force added driving force Pcr* that 1s undershooting,
the undershoots of the real compressor driving force Pcr and
the real supercharging pressure P2» can be suppressed.
1-2-5. Flowchart

The procedure of the processing by the controller 100
according to Embodiment 1 will be explained based on the
flowcharts 1 FIGS. 9 through 11. The processing items
represented 1n the flowcharts i FIGS. 9 through 11 are
recurrently 1mplemented every constant operation cycle
while the computing processing unit 90 1mplements soft-
ware (a program) stored 1n the storage apparatus 91.

At first, the flowchart in FIG. 9 will be explained.

In the step S01, the drniving-condition detection unit 110
implements driving condition detection processing (a driv-
ing condition detection step) for, as mentioned above,
detecting the driving condition of the engine 1. In Embodi-
ment 1, the dnving-condition detection unit 110 implements
supercharger rotation speed detection processing (a super-
charger rotation speed detection step) for detecting the real
rotation speed Nir of the supercharger 36. The driving-
condition detection unit 110 detects the real rotation speed
Ner of the engine 1, the real intake air flow rate Qar, and the
real atmospheric pressure Plr. In addition to the foregoing
driving conditions, the driving-condition detection unit 110
detects various kinds of driving conditions such as the real
intake air temperature T1r, the real throttle opening degree
THr, the real manifold pressure Pbr, the exhaust gas air-fuel
ratio AF, the real supercharging pressure P2r, and the
accelerator opening degree D. In this situation, the driving-
condition detection unit 110 (the real intake air flow rate
calculation unit 141) implements real intake air flow rate
calculation processing (a real intake air flow rate calculation
step) for, as described above, calculating the real intake air
flow rate Qar. As mentioned above, the dnving-condition
detection unit 110 (the real in-cylinder fresh air amount
calculation unit 142) implements real in-cylinder fresh air
amount calculation processing (a real mn-cylinder fresh air
amount calculation step) for, as described above, calculating
the real charging efliciency Ecr and the real in-cylinder fresh
air amount (Jcr, based on the output signal of the air tlow
sensor 12 or the mamifold pressure sensor 15.

Next, in the step S02, the intake air control unit 111
implements intake air control processing (an intake air
control step) for, as described above, controlling intake air of
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the engine 1. The itake air control unit 111 calculates the
target intake air tlow rate Qat and the target charging
ciliciency Ect. The details of the processing in the step S02
will be represented 1n the flowchart in FIG. 10. In the step
S10, the demanded torque calculation unit 120 implements
demanded torque calculation processing (a demanded torque
calculation step) for, as described above, calculating the
demanded output torque TRQd, based on the accelerator
opening degree D, a demand from an external controller, and
the like. Next, i the step S11, the target torque calculation
umt 121 implements target torque calculation processing (a
target torque calculation step) for, as described above,
calculating the target output torque TRQt or the target
indicated mean eflective pressure Pit, based on the
demanded output torque TRQd. Then, 1n the step S12, the
target in-cylinder fresh air amount calculation unit 122
implements target i-cylinder fresh air amount calculation
processing (a target in-cylinder fresh air amount calculation
step) for, as described above, calculating the target charging
elliciency Ect and the target in-cylinder fresh air amount
Qct, based on the target output torque TRQt or the target
indicated mean eflective pressure Pit. In the step S13, the
target intake air flow rate calculation unit 123 implements
target intake air tlow rate calculation processing (a target
intake air flow rate calculation step) for, as described above,
calculating the target intake air flow rate Qat, based on the
target m-cyhnder fresh air amount Qct. In the step S14, the
throttle opening degree control unit 124 1mplements throttle
opening degree control processing (a throttle opening degree
control step) for, as described above, controlling the throttle
opening degree, based on the target intake air flow rate Qat.

Next, i the step S03 i FIG. 9, the wastegate valve
control unit 112 implements wastegate valve control pro-
cessing (a wastegate valve control step) for, as described
above, performing driving control of the wastegate valve 34
so as to control the supercharging pressure P2. The details of
the processing in the step S03 will be represented 1n the
flowchart 1n FIG. 11. In the step S21, the target supercharg-
ng, pressure calculation unit 135 1mplements target super-
charging pressure calculation processing (a target super-
charging pressure calculation step) for, as described above,
calculating the target supercharging pressure P2¢, based on
the target charging efliciency Ect and the real rotation speed
Ner. In the step S22, the target compressor driving force
calculation unit 131 implements target compressor driving
force calculation processing (a target compressor driving
force calculation step) for calculating the target compressor
driving force Pct. In Embodiment 1, as described above, the
target compressor driving force calculation unit 131 calcu-
lates the target compressor driving force Pct, based on the
target intake air tlow rate Qat calculated through the intake
air control step and the target before/after-compressor pres-
sure ratio P2#P1r, which 1s the pressure ratio of the target
supercharging pressure P2¢ and the real atmospheric pres-
sure Plr

In the step S23, the real compressor driving force calcu-
lation unit 132 implements real compressor driving force
calculation processing (a real compressor driving force
calculation step) for calculating the real compressor driving
force Pcr. In Embodiment 1, as described above, the target
compressor driving force calculation unit 132 calculates the
real compressor driving force Pcr, based on the real intake
air flow rate Qar and the real before/after-compressor pres-
sure ratio P2#/Plr, which 1s the pressure ratio of the real
supercharging pressure P2r to the real atmospheric pressure

Plr
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In the step S24, the supercharger inertial force calculation
unit 133 implements supercharger inertial force calculation
processing (a supercharger inertial force calculation step)
for, as described above, calculating inertial force Pir pro-
duced by the inertial moment It of the supercharger 36,
based on the real rotation speed Ntr of the supercharger 36.

Then, 1 the step S25, the gate valve control value
calculation unit 134 implements gate valve control value
calculation processing (a gate valve control value calcula-
tion step) for performing driving force feedback control in
which, as described above, the gate valve control value WG
1s changed so that the 1nertial force added driving force Pcr*
obtained by adding the inertial force Pir to the real com-
pressor driving force Pcr approaches the target compressor
driving force Pct, and performs driving control of the
wastegate valve 34 based on the gate valve control value
WGa.

In Embodiment 1, the gate valve control value calculation
unit 134 implements basic control value calculation pro-
cessing for, as described above, calculating a basic value
WGb of the gate valve control value WG, based on the target
compressor driving force Pct and the exhaust gas flow rate
Qex, and then calculates, as the final gate valve control value
WG, a value by correcting the basic value WGb through
driving force feedback control.

2. Embodiment 2

In Embodiment 2, the supercharger inertial force calcu-
lation unit 133 calculates, as the final inertial force Pir, a
value obtained by applying upper/lower limitation with
preliminarly set upper limit and lower limit values Pimax
and Pimin to a calculation value of the inertial force Pirr,
which 1s calculated based on the real rotation speed Ntr of
the supercharger 36. The other configurations are the same
as those 1n Embodiment 1 described above; theretfore, the
explanation therefor will be omaitted.

The accuracy of calculating the inertial force Pir 1s
deteriorated due to an error, in detecting the real rotation
speed Ntr of the supercharger 36, that 1s caused by noise
components included in the output signal of the rotation
speed sensor 42 for the supercharger 36 and deterioration of
the accuracy of detecting the real rotation speed Nitr of the
supercharger 36 at a time when the real rotation speed Nitr
of the supercharger 36 i1s detected (estimated) based on the
real intake air flow rate Qar and the real before/atfter-
compressor pressure ratio P2#/Plr. As a result, the accuracy
of calculating the 1nertial force added driving force Pcr* that
1s calculated by adding the inertial force Pir to the real
compressor driving force Pcr 1s deteriorated; thus, the con-
trollability of driving force feedback control may be low-
ered.

In Embodiment 2, as described above, the 1nertial force
added drniving force Pcr* 1s calculated by use of the 1nertial
force Pir to which upper/lower limitation has been applied;
therefore, 1t 1s made possible to prevent the mertial force Pir
utilized for calculation of the inertial force added driving
force Pcr* from excessively increasing in the positive or
negative side, due to noise components in the output signal
ol the rotation speed sensor 42 for the supercharger 36 and
the deterioration of accuracy of estimating the real rotation
speed Nitr of the supercharger 36; as a result, the controlla-

bility of the drniving force feedback control can be sup-
pressed from being deteriorated. The upper limit value
Pimax 1s set to a positive value, and the lower limit value
Pimin 1s set to a negative value.
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The upper/lower limitation processing by the super-
charger inertial force calculation unit 133 according to
Embodiment 2 can be configured as the flowchart repre-
sented 1n FIG. 12.

In the step S31, as 1s the case with Embodiment 1, the
driving-condition detection umit 110 implements super-
charger rotation speed detection processing (a supercharger
rotation speed detection step) for detecting the real rotation
speed Ntr of the supercharger 36. In Embodiment 2, the
supercharger mertial force calculation unit 133 detects the
real rotation speed Ntr of the supercharger 36, based on the
output signal of the rotation speed sensor 42 for the super-
charger 36. Alternatively, as explained in Embodiment 1, the
driving-condition detection umt 110 may detect (estimate)
the real rotation speed Ntr of the supercharger 36, based on
the real intake air flow rate Qar and the real before/after-
compressor pressure ratio P2#/Plr.

In the step S32, as 1s the case with Embodiment 1, the
supercharger 1nertial force calculation unit 133 implements
supercharger inertial force calculation processing (a super-
charger 1nertial force calculation step) for calculating inertial
force Pir produced by the inertial moment It of the super-
charger 36, based on the real rotation speed Ntr of the
supercharger 36.

In the step S33, the supercharger 1nertial force calculation
unit 133 determines whether or not the calculation value of
the 1nertial force Pir, which has been calculated 1n the step
S32, 1s larger than the preliminarily set upper limit value
Pimax. In the case where it 1s determined that the calculation
value of the mertial force Pir 1s larger than the upper limit
value Pimax (1n the step S33: Yes), the supercharger inertial
force calculation unit 133 replaces the calculation value of
the mertial force Pir by the upper limit value Pimax (the step
S34). In contrast, 1n the case where it 1s determined that the
calculation value of the inertial force Pir 1s not larger than
the upper limit value Pimax (in the step S33: No), the
supercharger mertial force calculation umt 133 determines
whether or not the calculation value of the mertial force Pir
1s smaller than the preliminarily set lower limit value Pimin
(the step S35). In the case where 1t 1s determined that the
calculation value of the inertial force Pir 1s smaller than the
lower limit value Pimin (in the step S35: Yes), the super-
charger inertial force calculation unit 133 replaces the cal-
culation value of the inertial force Pir by the lower limait
value Pimin (the step S36). In contrast, in the case where 1t
1s determined that the calculation value of the inertial force
Pir 1s not smaller than the lower limit value Pimin (in the
step S335: No), the supercharger inertial force calculation
unmit 133 adopts the calculation value of the present inertial
force Pir, as the final inertial force Pir, and then ends the
processing.

3. Embodiment 3

In Embodiment 3, in the case where the calculation value
Pir* calculated based on the real rotation speed Nir of the
supercharger 36 1s within a preliminarily set falling range
including zero, the supercharger inertial force calculation
umt 133 adopts, as the final inertial force Pir, a value
decreased so as to be smaller than the calculation value Pir*.
The other configurations are the same as those in Embodi-
ment 1 described above; therefore, the explanation therefor
will be omitted.

Even 1n the steady-driving mode where the real compres-
sor driving force Pcr keeps track of the target compressor
driving force Pct, noise components included 1n the output
signal of the rotation speed sensor 42 for the supercharger 36
may cause the real rotation speed Ntr to vibrate and hence
the mertial force Pir may vibrate. when the vibration of the
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inertial force Pir becomes large, the vibration of the inertial
torce added driving force Pcr* to be calculated by adding the
inertial force Pir to the real compressor driving force Pcr
becomes large; therefore, even in the steady-driving mode,
the real compressor driving force Pcr may vibrate and hence
the real supercharging pressure P2» may vibrate. In addition,
even 1n the case where the real rotation speed Nir of the
supercharger 36 1s detected (estimated) based on the real
intake air flow rate Qar and the real before/after-compressor
pressure ratio P2#/Ply, estimation error components may
cause the real rotation speed Nir of the supercharger 36 to
vibrate; thus, 1n the same manner, even in the steady-driving,
mode, the real compressor driving force Pcr may vibrate and
hence the real supercharging pressure P2» may vibrate.

As described above, in the case where the calculation
value Pir* of the inertial force Pir 1s within a falling range
including zero, the supercharger inertial force calculation
unit 133 adopts, as the final iertial force Pir, a value
decreased so as to be smaller than the calculation value Pir*;
therefore, the vibration of the inertial force added driving
force Pcr* can be reduced in the steady-driving mode.
Accordingly, 1n the steady-driving mode, the real compres-
sor driving force Pcr can be suppressed from vibrating and
hence the real supercharging pressure P2 can be suppressed
from vibrating.

In Embodiment 3, 1in the case where the calculation value
Pir* of the inertial force Pir 1s within a falling range
including zero, the supercharger inertial force calculation
unit 133 adopts zero, as the final iertial force Pir. For
example, as represented 1 the equation (19) below, the
supercharger inertial force calculation unit 133 calculates a
reflection coeflicient Kp1 corresponding to the calculation
value Pir* of the inertial force Pir, by use of a reflection
coellicient map MAPKpi1 in which the relationship, as rep-
resented 1n FIG. 13, between the 1nertial force Pir and the
reflection coetlicient Kpi 1s preliminarily set. In the reflec-
tion coetlicient map MAPKp1, 1n the case where the value of
the 1nertial force Pir 1s within a falling range including zero,
the retlection coeflicient Kp1 1s set to zero, and in the case
where the value of the nertial force Pir 1s out of the falling
range, the reflection coellicient Kp1 1s set to “1”. Then, as
represented 1n the equation (19) below, the supercharger
inertial force calculation unit 133 adopts, as the final inertial
force Pir, a value obtained by multiplying the calculation
value Pir* of the inertial force Pir by the reflection coetli-
cient Kpi.

Kpi=MAPKpi(Pir*)

Pir=KpixPir* 19
14

The processing by the supercharger inertial force calcu-
lation unit 133 according to Embodiment 3 can be config-
ured as the flowchart represented 1n FIG. 14.

In the step S41, as 1s the case with Embodiment 1, the
driving-condition detection umit 110 1mplements super-
charger rotation speed detection processing (a supercharger
rotation speed detection step) for detecting the real rotation
speed Ntr of the supercharger 36. In Embodiment 3, the
supercharger inertial force calculation unit 133 detects the
real rotation speed Nir of the supercharger 36, based on the
output signal of the rotation speed sensor 42 for the super-
charger 36. Alternatively, as explained in Embodiment 1, the
driving-condition detection umt 110 may detect (estimate)
the real rotation speed Ntr of the supercharger 36, based on
the real intake air flow rate Qar and the real before/atfter-

compressor pressure ratio P2#/Plr.
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In the step S42, as 1s the case with Embodiment 1, the
supercharger inertial force calculation umt 133 implements
supercharger inertial force calculation processing (a super-
charger nertial force calculation step) for calculating 1nertial
force Pir* produced by the 1nertial moment It of the super-
charger 36, based on the real rotation speed Nir of the
supercharger 36.

In the step S43, as described above, the supercharger
inertial force calculation unit 133 implements retlection
coellicient calculation processing (a reflection coetlicient
calculation step) for calculating the retlection coeflicient Kpi
corresponding to the calculation value Pir* of the inertial
force Pir, which has been calculated 1n the step S42, by use
ol the reflection coeflicient map MAPKpia.

Then, 1n the step S43, the supercharger inertial force
calculation unit 133 calculates, as the final 1nertial force Pir,
a value obtained by multiplying the calculation value Pir* of
the 1nertial force Pir, which has been calculated 1n the step
S42, by the reflection coeflicient Kpi; then, the supercharger
inertial force calculation unit 133 ends the processing.

In the present invention, a “map” denotes a function that
represents the relationship between or among a plurality of
variables; instead of a map, a polynomial, a mathematical
expression, a data table, or the like can be utilized.

Various modifications and alterations of this invention
will be apparent to those skilled 1n the art without departing,
from the scope and spirit of this invention, and it should be
understood that this 1s not limited to the 1llustrative embodi-
ments set forth herein.

What 1s claimed 1s:

1. A controller for an internal combustion engine
equipped with a supercharger having a turbine provided 1n
an exhaust path, a compressor that 1s provided at the
upstream side of a throttle valve 1n an intake path and rotates
integrally with the turbine, a wastegate valve provided 1n a
bypass, 1n the exhaust path, that bypasses the turbine, and a
gate valve actuator that drives the wastegate valve, the
controller comprising at least one processor configured to
implement:

a driving-condition detector that detects a real rotation

speed of the supercharger;

a target compressor driving force calculator that calcu-
lates a target compressor driving force, which 1s a target
value of drniving force for the compressor;

a real compressor driving force calculator that calculates
real compressor driving force, which 1s a real value of
driving force for the compressor;

a supercharger inertial force calculator that calculates
inertial force produced by an inertial moment of the
supercharger, based on the real rotation speed of the
supercharger; and

a gate valve control value calculator that implements
driving force feedback control for changing a gate
valve control value, which 1s a control value for the
gate valve actuator, so that an addition value obtained
by adding the inertial force to the real compressor
driving force approaches the target compressor driving,
force, and controls the gate valve actuator to drive the
wastegate valve based on the gate valve control value.

2. The controller for the internal combustion engine
equipped with the supercharger according to claim 1,
wherein the supercharger inertial force calculator adopts, as
a final 1nertial force, a value obtained by applying upper/
lower limitation with preliminarily set upper limit and lower
limit values to the calculation value of the inertial force,
which 1s calculated based on the real rotation speed of the
supercharger.
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3. The controller for the internal combustion engine
equipped with the supercharger according to claim 1,
wherein in the case where the calculation value of the
inertial force, calculated based on the real rotation speed of
the supercharger, 1s within a preliminarily set falling range
including zero, the supercharger inertial force calculator
adopts, as a final inertial force, a value decreased so as to be
smaller than the calculation value.

4. The controller for the internal combustion engine
equipped with the supercharger according to claim 1,
wherein based on the real rotation speed of the supercharger,
the supercharger inertial force calculator calculates a real
rotation acceleration of the supercharger, and then calcu-
lates, as the 1nertial force, a value obtained by multiplying
the real rotation acceleration of the supercharger by the
inertial moment and the real rotation speed of the super-
charger.

5. The controller for the internal combustion engine
equipped with the supercharger according to claim 1,

wherein the driving-condition detector detects a real

intake air flow rate of the internal combustion engine,
a real atmospheric pressure, and a real supercharging
pressure that 1s a real value of a supercharging pressure,
which 1s a pressure at a position, 1n the intake path, that
1s at the downstream side of the compressor and at the
upstream side of the throttle valve, and

wherein the real compressor driving force calculator

calculates the real compressor driving force, based on
the real intake air flow rate and a real before/atfter-
compressor pressure ratio, which 1s the pressure ratio of
the real supercharging pressure and the real atmo-
spheric pressure.

6. The controller for the internal combustion engine
equipped with the supercharger according to claim 1,

wherein the drniving-condition detector detects the real

rotation speed of the supercharger, based on an output
signal of a rotation speed sensor provided 1n the super-
charger, and

wherein, alternatively, the driving-condition detector

detects a real intake air tlow rate of the internal com-
bustion engine, a real atmospheric pressure, and a real
supercharging pressure that 1s a real value of a super-
charging pressure, which 1s a pressure at a position, 1n
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the intake path, that 1s at the downstream side of the
compressor and at the upstream side of the throttle
valve, and then detects the real rotation speed of the
supercharger, based on the real intake air tlow rate, the
real before/after-compressor pressure ratio, which 1s
the pressure ratio of the real supercharging pressure and

the real atmospheric pressure.

7. The controller for the internal combustion engine
equipped with the supercharger according to claim 1,
wherein the at least one processor 1s further configured to
implement:

an intake air controller that calculates a target intake air

flow rate and a target charging etliciency of the internal
combustion engine; and

a target supercharging pressure calculator that calculates

a target supercharging pressure, which 1s a target value
of a supercharging pressure that 1s the pressure at a
position, in the intake path, that 1s at the downstream
side of the compressor and at the upstream side of the
throttle valve, based on the target charging efliciency
and a real rotation speed of the internal combustion
engine, which i1s detected by the driving-condition
detector,

wherein the target compressor driving force calculator

calculates the target compressor driving force, based on
the target intake air flow rate and a target before/atter-
compressor pressure ratio, which 1s the pressure ratio of
the target supercharging pressure and the real atmo-
spheric pressure detected by the driving-condition
detector, and

wherein the gate valve control value calculator calculates

an exhaust gas tlow rate discharged from the internal
combustion engine, based on a real intake air flow rate
of the internal combustion engine, which 1s detected by
the driving-condition detector, and an air-fuel ratio of
the internal combustion engine, calculates a basic value
of the gate valve control value, based on the target
compressor driving force and the exhaust gas tlow rate,
and then calculates, as a final gate valve control value,
a value obtained by correcting the basic value through
the driving force feedback control.
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